Introduction
The 
Physical Description
The principle of the LCPDI is the same as that of the classic PDI; the differences lie in the construction of the filters. 0.21, 0.59, 0.74, 0.88, and 1.00, where the dc level is considered to be zero.
Theory
A. Principle of the LCPDI
Ray Model
A ray model of the LCPDI is shown in Fig. 4 
where _obj represents the phase distribution of the object rays at plane rl, _ is the angle the particular ray makes with the optic axis, and h is the wavelength of the incident light.
In general, this phase difference is not the constant across the wave front because the beam is either converging or diverging through the layer, but in practice this effect is small and the small-angle approximation can be made. e5 Therefore Eq. (1) can be approximated by 
where _b and _bb are the transmittance of and phase delay caused by the background plate, d is the microsphere diameter, and _o is the phase delay of the microsphere.
The microsphere transmittance is unity.
This plate is shown graphically in Fig. 6 . Although a microsphere is used in this filter, it is equivalent to use of a hole or a spot to form the diffracted reference beam because of Babinet's principle.
A microsphere was used because it is easier to embed a very small sphere in a liquid-crystal layer than to produce a very small hole in it. Planes used in Fourier analysis. Transmittance and phase delay of the LCPDI filter.
LCPDI Filter
The optical field just behind the pinhole is described by
Lens L 2 images the field at plane I through the filter and onto the image plane. 1.2 .......................... ... radius. 2s Koliopoulos et al.. recommend a pinhole diameter less than or equal to one half the Airy disk diameter. 6 Note also that the aperture used for the Zernike interferometer described by Kadono et al. ] 6 is approximately 33 times the Airy disk radius. Clearly only the high-frequency content of the object wave can be discriminated by this method. The LCPDI uses a 9-pm microsphere, and the data presented in this paper were obtained with an f/6
beam. This results in a diffracting element three times the Airy disk radius, corresponding to Fig. 7(d) . 
where Ijobj is the flh object beam intensity distribution, hIj = Ij -Ij°bj, Ij is the jth interferogram intensity distribution, and the explicit pixel dependency (x, y) has been dropped for brevity. This equation is exact, provided that the reference beam intensity remains constant from frame to frame. For the second compensation method, each interferogram Ij is divided by the appropriate normalization frame and then used in the five-frame algorithm as follows: 
Performance
The accuracy of the LCPDI was tested when a known phase object was measured with the LCPDI and the measured data were compared with expected results. The difference between two wave fronts was measured rather than an individual wave front. This wave-front difference was generated when the focus of the optical system was shifted, and the expected results were calculated from theory.
A. Focus Shift Measurement Figure  8 shows (10), and the differences at each position were calculated.
B. Theoretical Calculation of Focus Shift
The expected difference in the optical phase between the wave fronts at each LCPDI position was calculated from A_bth(r, Sz) = (2_r//h)((s 2 + r2) 1 2 -{(s -5z)2 + r2]}12 -5z), (11) where s is the distance from the LCPDI to the ground-glass viewing screen, 5z is the axial distance between the two positions of the LCPDI, and r is the radial distance from the center of the interferogram.
C. Results five-frame algorithm.
The shape is generally paraboloidal, but significant periodic error is present. Figure  10 shows the same wave front computed with the compensated five-frame algorithm, i.e., Eq. ¢9). The periodic error, although not eliminated, is substantially reduced. Figure  11 shows horizontal cross sections from the wave-front differences computed with each of the four methods described above, together with the corresponding cross section from the theoretical wave-front difference calculated from Eq. (11). These four methods are as follows: (a) polynomial fits to the wave fronts computed from the five-frame algorithm, (b) the five-frame algorithm, x (mm)
Cross sections ofwave-front differences computed from The compensation is not perfect because the estimate of the object beam intensity distribution is not perfect for each frame. However, the overall shape of the wave front is being accurately measured.
Conclusion
The liquid-crystal point diffraction interferometer combines the robust, common-path design of the PDI with a simple method of optical phase control. The result is a compact new instrument for the measurement of optical wave fronts that uses phase-stepping interferometry for high data density and automatic data reduction.
